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BACILLUS PESTIS IN ITS MORPHOLOGICAL AND 
BIOLOGICAL CHARACTERS. * 

BY E. KLEIN, ~.D., F.R.S. 

TttE true cause of plague is the Bacillus pestis. The bacillus is 
a rod-shaped bacterium of extreme minuteness (average length, 
0"8/~ to 1"6/~), non-motile, capable of rapid multiplication at tem- 
peratures between 15 ° and 40 ° C., best under a~robic, but also, 
though less readily, under anaerobic conditions. It does not form 
spores. It is killed by thorough drying, and by a heat of between 
62 ° and 65 ° C. in ten minutes. It does not liquefy gelatine, and 
possesses, as will presently be shown, certain well-defined cultural 
characters. It is highly pathogenic to man and rodents, though 
capable of considerable variations in its action, from a local 
inflammation and suppuration to a general and fatal septic~emic 
infection. 

The chief interest that the BaciUus pestis offers to medical 
officers of health is its diagnostic value for recognising and identi- 
fying a case of disease which, either from its symptoms or on 
account of its history, is under suspicion of being one of true 
plague ; and for this reason it is advisable that the morphological, 
cultural and pathogenic characters should be known, not merely in 
their typical forms, but also, and perhaps with greater advantage, 
in their less readily recognised appearances. For it must be 
obvious that a case presenting the clinical features of plague which 
follows a group of already verified plague cases offers less scope for 
ingenuity to the clinician and sanitarian than a "first" case, in 
which either the history or the symptoms do not warrant more 
than a suspicion of its being possibly one of plague. 

The steps by which we are able to get at the correct answer 
whether or no the case in point is one of plague--i.e., is or is not 
caused by the Bacillus pestis--can be defined as : 

(a) The microscopic examination ; 
(b) The culture test ; and 
(c) The experimental test. 

(a) It is well known that in a plague-infected person the Bacillus 
pestis is present in great numbers, and as in other infectious dis- 
orders, so also in plague : the toxins produced by, and in the course 
of, the multiplication of the specific microbe in the infected body 
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are the proximal cause of the disease. How and where is the 
Bacillus pestis distributed in the affected body ? The most common 
form of plague is the bubonic, where the lymph glands are swollen, 
inflamed, and the seat of hremorrhage. In such cases the Bacillus 
2estis is invariably present in the recently affected glands in 
astonishingly large numbers. In every droplet of the juice of such 
an acutely inflamed gland (as also to a less extent in the surround- 
ing edematous and h~emorrhagic tissues) the bacilli are present in 
almost continuous masses---singly, in dumb-bells, and in  small 
groups. A trace of the juice of the gland, spread out as a thin 
film, shows (Fig. 1), besides red blood discs and leucocytes, vast 
numbers of the bacilli as short ovals with round ends, or square- 
cut, singly or in dumb-bells, occasionally cylindrical rods, or even~ 
though rarely, a chain of such cylindrical forms is met with. 
These bacilli often, though not by any means invariably, when 
stained in dried film specimens, show a deeper stain at the ends 
('polar stain ') and a less stained clear middle part. This polar 
staining, ~hough occasionally very pronounced, is not constant. I t  
sometimes is seen in almost all the bacilli of the specimen ; at other 
times, and under precisely the same conditions of staining, it is 
recognised only here and there in one or the other bacillus, and it 
is qui~e uncertain whether the presence of polar granules is due to 
the method of preparation. I myself think it more probable to be 
due ~o intrinsic differences in the structure in one and the other 
phase of the growth of the bacilli. I may add here that the bacilli 
of actively growing cultures show no polar staining, or only in  very 
few individuals. 

At any rate, this is certain, that when we find in the juice of an 
acutely-swollen and inflamed lymph gland of an acute febrile case 
such an abundance of bacilli resembling in size and shape ~he 
Bacillus pestis, we have very strong h priori reasons for considering 
such a ease as one of bubonic plague. 

It is, however, to be borne in mind that, while this condition is 
Unquestionably characteristic of plague in b e  acute s~age, it does 
not hold good in chronic cases, or when the disease has lasted for 
a few weeks, for then it is the rule that the juice Or the purulent 
matter of the swollen gland does not present anything like the 
picture jus~ described; plague bae,/lli~i.e., bacilli in shape and 
size, and perhaps even in bipolar staining, like those of Bacillus 
l~est!s--may be, and generally are, present, but they are few and far 
between. 

In illustration thereof I will mention the case of fatal plagt~e that 
occurred in a sailor at Llandaff. The patient had  been ill for a 
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fortnight ; the material--viz., juice of the bubo, as also blood from 
the finger--were examined by me for the Local Govermnent Board. 
The result of this examination showed that the juice of the bubo 
contained the plague bacilli, but relatively few in numbers ; cover- 
film specimens showed only here and there few isolated bacilli. 
Plate cultivations yielded a relatively limited number of plague 
colonies ; a large drop of the juice of the bubo spread out over the 
surface of solidified nutrient agar yielded not more than twenty to 
thirty colonies of Bacillus pestis. Now, it has to be remembered 
that from a typical acute bubo a fraction of a droplet in cover-film 
specimens and in plate cultivations shows innumerable plague 
bacilli, and yields innumerable colonies respectively. This result 
was quite different, therefore, from that described by Dr. Savage 
(British Medical Journal, October 27th, 1900) of the same material. 
Likewise, Che blood which I received for examination showed no 
plague bacilli in cover-film specimens, and in plate cultivations 
yielded no colonies, whereas Dr. Savage describes and illustrates in 
cover-films of the blood of the same ease crowds of plague bacilli, 
but, what is somewhat incomprehensible, states at the same time 
that the cultures of the blood remained on incubation sterile. 

In this case, then, that had lasted a few weeks, the juice of the 
bubo contained only a limited number of plague bacilli; these, 
taken from a culture produced in the guinea-pig, both after intra- 
peritoneal and after subcutaneous injection, the typical disease and 
death. But the virulence of the culture of this case was somewhat 
less than normal, since larger than normal doses had to be used 
to cause fatal effect in the inoculated animal, and death ensued 
later than ' is the case with the bacilli of normal virulence. (See 
further below.) 

The plague bacilli are present in the blood of typical acute plague 
cases, but as a rule in very small numbers, unless it is a case of 
the septicsemic type; in the latter the blood-film specimen shows in 
every field of the microscope numerous plague bacilli, whereas in 
the bubonic type they occur only here and there, and sometimes 
very far between ; indeed, they may be altogether missed. This is 
confirmed by cultivation experiment, since comparatively large 
amounts have to be used for cultivation to obtain a p0sifive result. 

The photogram (Fig. 2) represenfss the typical plague bacilli 
with polar "staining in the blood of infected animals. In the 
pneumonic type the sputum is crowded with the plague bacilli, and 
~here is no difficulty to demonstrate them either by film specimens 
or by culture. This will be readily understood from the photo- 
grams (Figs. 3 and 4)illustrating a section through the inflamed 
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lung; bloodvessels, air:cells, bronchi and infundibula are filled 
with exudation, in which are contained continuous masses and 
aggregations of the plague bacilli. On post-mortem examination of 
an acute case of plague, also, the swollen lymph glands of the 
thoracic and abdominal cavities, and the spleen, particularly the 
latter, show in film specimens great crowds of plague bacilli ; but 
this also., as a rule, refers only to the acutely fatal cases. In cases 
which end fatally after a few weeks, film specimens of the spleen 
show few plague bacilli. 

(b) t come now to the second stage in the demonstration of the 
presence of plague bacilli--that is, the culture test. It will be 
readily understood that this is an all-important test, particularly in 
cases in which the microscopic examination of the materi~ls is not 
of a sufficiently characteristic nature. The few bacilli present in 
the blood or in the juice of the bubo are not readily found in cover- 
film specimens, and even when found cannot by their size and 
shape and by their staining alone be identified with confidence as 
those of plague. But though only few bacilli may be demonstrable 
in t h e  film specimens, they are more readily discovered b y  a 
surface-plate culture, for here we are enabled to subject to examkaa- 
tion larger amounts of the material. This, having been spread out 
by means of a sterile platinum spatula over the surface of nutrien~ 
agar solidified in a sterile plate dish, is then incubated at 37 ° C. ; 
already after sixteen to twenty-four hoursNbe~ter, of course, later 
- - the  colonies of Bacill~s 1)estis can be recognised as small trans- 
lucent rounded droplets; viewed with a magnifying glass in 
reflected!ight, they are glistening and moist-lo0king, thicker and 
raised in the centre, fiat and thinner and slightly angular in the 
marginal portion. 

The photog'rams here reproduced (Figs. 5 and 6) show colonies 
of plagu e bacilli on agar and on gelatine in an early stage of. and 
after several days' or weeks', incubation. 

Examined under the microscope, the colonies are made up of 
longer or shorter rods aggregated together; this aggregation is 
more conspicuous in a subculture made on agar f rom such a 
colony. If from one of the plague colonies a trace is rubbed with a 
sterile platinum needle over the surface of sloped agar, and incubated 
at 37 ° C., it will be found that after twenty-four hours the surface 
is covered with a characteristic gray translucent film, which, touched 
with a needle and drawn up, is seen to be of a characteristic slimy 
and viscid Character. Cover-films made by rubbing the growth 
over a cover-glass show the plague bacilli in larger or smaller 
aggregations and streaks; the bacilli are rod-shaped, cylindrical, 
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;and here and there arranged as chains. Polar staining is con- 
spicuous by its rarity. The aggregation is due to the presence of 
a gelatinous homogeneous interstitial substance, whereby the bacilli 
are held together, and therefore may be said to form a true zoSglea 
{Figs. 8 and 9). 

The nature and aspect of the colonies in plate cultivations, the 
character of the subcultures on the surface of sloped agar, and the 
microscopic appearances of such cultures, are characteristic, and 
~enable us now to identify the microbe as Bacillus pestis. 

Another appearance presented by plague bacilli which is very 
characteristic, and which was first pointed out by Professor gaff- 
kine, is the formation of filaments (so-called stalactites) in connec- 
tion with the growth on the surface of broth. A flask of sterile 
broth containing at the top a few drops of sterile clarified butter is 
inoculated with plague bacilli, and kept at the temperature of the 
incubator. After several days, numerous whitish granules in the 
form of a powdery precipitate are seen at the bottom and at 
the lower part of the sides of the flask, the broth remaining clear, 
while on the surface a grayish.white growth is seen in the form of 
an imperfect pellicle. As incubation proceeds the sediment at 
the bottom increases, and at the same time, in connection with the 
now increased whitish surface growth, numerous shorter or longer 
grayish straight filaments extend downwards into the fluid. When 
the formation of these filaments (stalactites of Haffkine) is well 
pronounced--as is generally the case if the flask is kept from 
disturbance--and the temperature of the incubator %° to 80 ° C., 
then the filaments are uniform and densely placed, and the culture 
looks as if its surface were covered with plants, from ~vhich numerous 
fine straight rootlets extend vertically down into the fluid. Even a 
slight disturbance detaches the filaments as well as a great part of 
the surface growth, and they fall to the bottom of the fluid like 
"snowflakes," or, when rapid, like "falling rockets." After~a few 
days the surface is again found covered with growth, and from it 
extend new "stalactites," and this process repeats itself as long as 
the growth in the broth lasts. In this way a considerable amount 
of solid powdery precipitate accumulates in the course of four to 
five weeks at the bottom of the flask. The powdery precipitate, 
like all the solid particles, is made up of chains Of cylindrical 
bacilli. 

While this appearance is the type, the formation of stalactites is 
sometimes missed, or is uncertain or imperfect. This was the ease 
with my stock cultures dating from the ease of plague in the 
Lascar who died November, 1896, after t h e  subculture had been 
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carried on through many generations of transference. Thus, in 
October, 1899, it failed to produce the stalactites. But passing the 
bacilli tln-ough an animal (guinea-pig or rat) it again readily and 
in s~riking manner resumed the power to form stalactites. During 
this autumn, however, the same stock that failed to give stalactites 
a year ago has spontaneously resumed its original character. 

(c) The third step in the bacteriological diagnosis of plague is 
the animal experiment. For this purpose mice, rats, or guinea-pigs 
serve equally well. t prefer guinea-pigs, since they are easily pro- 
cured and easily handled ; next come white rats, which are easier 
to procure, to keep in the laboratory, and to handle, than wild or 
sewer rats. Guinea-pigs are highly susceptible to plague infection, 
and so are white rats. 

When the materials submitted for examination--juice of bubo, 
blood, or sputum--show in film specimens the bacilli fairly abun- 
dantly, direct inoculation of the animals with these materials yields 
positive result if the bacilli are those of plague. But if the sub- 
mitred materials contain only very few bacilli, and particularly--as 
is generally the case--the amount of material (juice of bubo, blood) 
available is small, injection into the animal does not yield positive 
result. In this case, if after twenty-four (or, better, thirty-six) 
hours the agar surface plate cultivatibns show plague colonies, 
then ~hese may at once be used for animal experiment. An easy 
way is to make a subculture from one of these colonies by trans- 
ferring it and rubbing it with a platinum needle over the slanting 
surface of nutrient agar in a tube. Thereby, after a further twenty- 
four hours, a sufficien~ amount of culture becomes available to 
infect several animals if required. The intraperitoneal injection of 
guinea-pigs, even with a small amount of plague culture, yields a 
positive result in twenty-four hours: the animal is dead or dying 
in twenty-four hours or less, the peritoneum and the viscera are 
highly congested, the peritoneal cavity contains a large amount of 
turbid, gray, characteristically viscid exudation, in which, besides 
leucocytes and a few blood:discs, there are crowds of plague bacilli ; 
it is literally densely filled with the bacilli (Fig. 10). Amongst the 
bacilli we notice numerous chains. 

After subcutaneous injection into the groin of the guinea-pig 
or rat, the inguinal glands are found enlarged after twenty- 
.four hours. The mmour increases during the next twenty-four 
hours, and the animal--provided the amount injected was moderate 
and the bacilli of normal virulence~is found dead in between forty- 
eight to seventy, two hou r s .  The rat generally dies before forty- 
eight hours. On post-mortem examination the inguinal glands of 
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the injected side are found enlarged, highly congested, the sur- 
rounding tissue edematous and s~reaked with blood. The intestine, 
spleen, liver, and lungs are congested, the spleen enlarged. In 
film preparations of the juice of the enlarged glands, inguinal or 
pelvic, the plague bacilli are found in enormous numbers, so also 
in the tissue of the spleen. In the blood their number varies 
very greatly : sometimes only here and there a field of the micro- 
scope shows a few bacilli; in other cases every field of the micro- 
scope shows them in fair number, and in a minority of cases only 
isolated bacilli are to be met with. In accordance with this result, 
the culture experiment with the tissue of the lymph glands and 
spleen (Figs. 11 and 12) yields very abundant colonies, and, as a 
rule, a limited number with the blood. Further, the bacilli are more 
numerously met with in the spleen and blood of the guinea-pig 
than of the rat;  but in ~he inguinal lymph glands ~hey are abun- 
dan% both in the guinea-pig and in the rat. 

What has been said of the polar character of the stained bacilli 
of man applies equally to those of the infected animals. In some 
cases the polar staining is conspicuous and distinct; in others it is 
no~ well pronounced, or even absent. 

In conclusion I may state this interesting fact--viz., that, amongst 
the very large number of animals which in the course of the last 
four years I have infected with plague, I have in no single instance 
seen any spontaneous agrial infection occurring from one animal to 
another, although there was oppor%uni~y for such to take place. 

HOWAI~D iVIEDAL.--~The Royal Statistical Society have awarded the 
Howard Medal for this year to Dr. J. J. 5. Sykes, l~edical Officer 
of Hea/th of St. Pancras, for his essay on "The l~esults of State, 
Municipal and Organised Private Action on the Housing of the Working 
Classes in London and Other Large Cities of the United Kingdom." 

COST OF OUTBREAK OF PLAGUE TO CTLASGOw.--At a r e c e n t  meeting 
in Glasgow Dr. Colvin referred to the cost to the City of the recent 
outbreak,of plague. He said that there had been thirty-four eases, 
with fifteen deaths, and that the monetary loss had been estimated 
to be from £1,000,000 to £2,000,000. He drew attention to the want 
of system to cheek future importation of the disease, and urged the 
formation of a port sanitary authority for the Clyde. 

THE SANITARY INSPECTORS' ]~XA~INATION BOARD.--The next exami- 
nation for certificates of qualification for appointment of sanitary 
inspector or inspector of nuisances, under Section 108 (9~) (d) of the 
Public ]~ealth (London) Act, 1891, will be held in London on Tuesday, 
January 15th, 1901, and the four following days. Particulars will be 
forw%rded on application to the  Hon~ Secretary, Wm. R. E. Coles, 
1, Adelaide Buildings, London Bridge, London, E.C. 
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